The optical image, as well as the numbering for the 13 flakes is shown in Figure S2 . The crystalline orientations of these flakes are the same as the flakes in Table 1 nm (E L =1.58 eV). The crystalline orientations of these flakes are the same as the flakes in Table   1 of the main text, because the flakes are physically connected to one another. The flake numbers are the order of thicknesses, and are labeled in the optical image in Figure S2 . Similar thicknesses are shaded with the same color. Flakes 1, 2, 7, 10 correspond to flakes a, b, c, and d
in Table 1 in the main text, respectively. 
S4. Analysis of anisotropic absorption and Raman scattering using the selection rules of the optical transition
As mentioned in the main text, we first employed the generalized gradient approximation (GGA) using the PBE functional in the DFT calculation. Since conventional DFT tends to underestimate 7 energy separations between valence and conduction bands, electronic bands were then updated by the hybrid functional (HSE06) method, which has proven to yield a better description of electronic properties. 1, 2, 3 From group theory analysis, the optical transition from the valence band maximum to the conduction band minimum at the Γ point is permitted but is only allowed for armchair-polarized light due to the selection rule. 4 Similar to the case monolayer BP, we can expect armchair-polarized light absorption at around the energy gap for 2L, 3L and bulk BP.
BP of all thicknesses from monolayer to bulk belong to space group ‫ܦ‬ ଶ which has 3 rotation axes, 3 mirror planes and inversion symmetry. 4 The symmetry properties of the BP family are distinguished by the translational symmetry indicated by the superscript of the space group label,
i.e. ‫ܦ‬ ଶ for odd number of layer BP, ‫ܦ‬ ଶ ଵଵ for even number of layer BP, and ‫ܦ‬ ଶ ଵ଼ for bulk BP.
Due to this similarity, it is useful to discuss the absorption and Raman selection rule based on the symmetry properties of 1L phosphorene.
According to the character table of ‫ܦ‬ ଶ group (Table S2) , we find the symmetry assignment for all bands of monolayer BP at the Γ point as shown in Figure S3a . For a given incoming light beam with polarization ‫,۾‬ there is an optical selection rule of the intermediate state ݉ based on the dipole approximation matrix element given by:
where ݁, ݉ , ܿ, ߳ , and ‫۾‬ are, respectively, the unit electron charge, electron mass, speed of light, vacuum dielectric constant, and light polarization vector. The dipole vector ۲ is defined by ۲ = 〈݉|∇|݅〉 , with the electronic wavefunctions |݅ۧ and |݉ۧ expressed by a linear 8 combination of plane waves.
As stated in the main text, in order to obtain non-vanishing electron-photon matrix elements for the optical transition from the state |݅〉 to |݉〉, we need to have
where Γ , Γ , and Γ are the irreducible representations of ‫ܦ‬ ∥ (i.e. parallel component of ۲ with respect to ‫۾‬ሻ, |݅〉, and |݉〉, respectively. From Table S2 , there are only two possible irreducible representations for Γ , namely, ‫ܤ‬ ଵ௨ for the armchair-polarized light and ‫ܤ‬ ଷ௨ for the zigzag-polarized light. Since Γ is given, we can thus construct a selection rule for the possible Γ at any given direction of ‫,۾‬ which are listed in Tables S3 and S4 , for these cases, explicitly. Figure 1a , and are given here for consistency. The Raman scattering process involves three steps: (1) electron excitation from an initial state ݅ to an excited state ݉ through photon absorption with polarization ‫۾‬ , (2) interaction of the excited electron with a phonon resulting in transition from the state ݉ to ݉ ′ , and finally (3) emission of a scattered photon with polarization ‫۾‬ and an electron transition from the state ݉ ′ to the final state ݂, which is the same as the initial state i. Therefore, the ‫ܧ‬ -dependent Raman intensity for the ߥ phonon mode (in arbitrary units) can be written as:
Where 〈݂| = 〈݅|, ‫ܧ‬ is the excitation laser photon energy, ‫ܧ∆‬ = ‫ܧ‬ − ‫ܧ‬ − iߛ, while ‫ܧ‬ ‫ܧ(‬ , ‫ܧ‬ ᇱ ) is the energy of the electronic state ݅ (݉, ݉′), and γ is the broadening factor. In our DFT calculation of polarized Raman intensity, we assume that ‫ܪ‬ ୣ୮ ௩ does not have a polarization dependence, but depending on incoming and outgoing polarization, ‫ܪ‬ ୣ୮ ௩ selects the intermediate Tables S3 and S4 . 
In Figure S4 , we show the polarization dependence of the absorption intensity and Raman intensity of trilayer BP. We consider two optical transitions which are allowed by symmetry, such as the ‫ܤ‬ ଵ௨ → ‫ܣ‬ transition with ‫ܧ‬ = 2.00 eV ( Figure S4a,b) and ‫ܣ‬ → ‫ܤ‬ ଷ௨ transition with ‫ܧ‬ = 5.86 eV (Figure S4a,c) . The former (latter) gives the maximum absorption intensity along the armchair (zigzag) polarization and minimum absorption intensity along the zigzag (armchair) polarization direction. Figure S3c and Figure S4a , the transition will be allowed for the ‫ܤ‬ ଵ௨ initial state with armchair-polarization. Such a case is shown in Figure S4d , in which the shape of the polar plot is the square of the polar plot in Figure S4b . Similarly, for the allowed transition of the ‫ܤ‬ ଶ phonon mode, selection rules suggest that |݉〉 and |݉′〉 have different symmetries, and the shape of the polar plot is the product of the shapes in Figure S4b -c (not in scale), shown in Figure S4e . Such a concept should also be similar when applied to the other BP flakes with different number of layers, and also for the bulk BP. Therefore, depending on the laser energy and the band symmetry, we can have a variety of polarization dependences for the absorption and Raman spectra. 
S8. Semi-classical model of polarized Raman scattering
The anisotropic resonant Raman scattering can also be understood from a semi-classical perspective. Since the optical absorption coefficient at wavelength ߣ is α = 4ߨ݇ ߣ ⁄ , where ݇ is the imaginary part of the refractive index, at a certain wavelength, the change of the absorbance spectrum with the crystalline orientation indicates that the refractive index (݊ + ݅݇) depends on the crystalline orientation. Here ݊ and ݇ are subject to the constraints relating the frequency dependence of ݊ and ݇ according to the Kramers-Kronig relations. 6 In addition, as there is a 
